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ABSTRACT 


Time partitioning is an understudied mechanism for frugivorous bat species that coexist in competition. 
We describe activity patterns of Carollia perspicillata (Linnaeus, 1758), Carollia brevicauda (Schinz, 
1821), and Carollia benkeithi Solari & Baker, 2006 using time of capture variation in a premontane 
forest of central Peru. For C. perspicillata, activity patterns of different sexes and seasons (rainy vs. 
dry) were also compared. We report temporal coincidence (A=0.91) among the three species being 
more active at the beginning of the night when resources are available. Neither sex nor season changed 
the activity pattern of C. perspicillata. Evidence suggests that these sympatric species do not reduce 
competition through time partitioning. 
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RESUMEN - Patrones de actividad de los murciélagos de cola corta Carollia en un bosque 
premontano del centro de Peru. La partici6n temporal es un mecanismo poco estudiado para especies 
de murciélagos frugivoros que coexisten en competencia. Describimos los patrones de actividad de 
Carollia perspicillata (Linnaeus, 1758), Carollia brevicauda (Schinz, 1821) y Carollia benkeithi Solari & 
Baker, 2006 basaéndonos en la variaci6n temporal de las capturas en un bosque premontano del centro 
de Pert. Para C. perspicillata, también fueron comparados los patrones de actividad entre diferentes 
sexos y estaciones (himeda vs. seca). Reportamos una superposicidn temporal (A=0,91) entre las 
tres especies, siendo mas activas al principio de la noche cuando los recursos se encuentran mas 
disponibles. Ni el sexo nila estacidn cambiaron el patron de actividad de C. perspicillata. La evidencia 
sugiere que estas especies simpatricas no reducen la competencia a través de la segregacién temporal. 


Mammals have evolved physiological and behavioral adaptations that result in an 
hourly activity pattern related to abiotic and biotic conditions such as light, tempe- 
rature, rainfall, wind, food supply, predation pressure, social factors and human dis- 
turbance (Erkert 1982; Halle & Stenseth 2000; Mistlberger & Antle 2011; Blake et 


Recibido el 19 de enero de 2023. Aceptado el 21 de noviembre de 2023. Editor asociado Mariano Sanchez. 


NOTAS SOBRE @ MAMIFEROS SUDAMERICANOS 


Jorge A. Rivero, Juan J. Pellon, and Orlando J. Zegarra 


al. 2012; Gaynor et al. 2018; Castillo-Figueroa et al. 2021). For bats, nocturnal pa- 
tterns are greatly affected by the amount of energy available from their food items 
and their fluctuations in space and time, but also on species or individuals’ specific 
energetic demands and requirements of digestion (Erkert 2000; Saldafia-Vazquez 
& Schondube 2013). Activity patterns can be affected by exploitative competition, 
especially for species with shared limited resources (Miller 1967). According to se- 
minal studies of niche segregation (spatial, temporal, trophic, etc.) competition is an 
important process to explain species coexistence (MacArthur & Levins 1967; Cody & 
Diamond 1975), even in contemporary approaches (Chase & Leibold 2003; Donati & 
Borgognini-Tarli 2006; Violle et al. 2011). Therefore, sympatric species might exhibit 
different activity peaks and periods as a potential mechanism to reduce time overlap 
with competitors (Kronfeld-Schor & Dayan 2003). 

Neotropical frugivorous phyllostomid bats are active throughout the night fre- 
quently exhibiting a unique peak (Brown 1968; La Val 1970; Davis & Dixon 1976; 
Marinho-Filho & Sazima 1989; Aguiar & Marinho-Filho 2004; Sampedro et al. 2007; 
Stuhler et al. 2019) and in some cases a second smaller peak (Verde et al. 2018). In 
many cases, timing of activity peaks varies across species and depends on popula- 
tion abundance and ecosystem sampled (Orténcio-Filho et al. 2010; Arriaga-Flores 
et al. 2012; Mancina & Castro-Arellano 2013; Zeppelini et al. 2017). Weather condi- 
tions, photic cues and landscape features are extrinsic factors that potentially affect 
resource availability, competition, or predation risk in frugivorous bats (Thies et al. 
2006; Castro-Arellano et al. 2009; Presley et al. 2009; Montafio-Centellas et al. 2015). 
Moreover, seasonal differences in activity patterns may reflect variation in fruit spa- 
tial distribution and availability, which can alter the time that bats spend on flying 
to different foraging patches and roosts (Fleming & Heithaus 1986; Fleming 1988). 
Conversely, intrinsic factors (i.e., sex, age, and reproductive condition) affect the in- 
dividual’s energetic requirements and influence activity through foraging efficiency 
and social cues (Heithaus & Fleming 1978; Fleming & Heithaus 1986; Fleming 1988; 
Charles-Dominique 1991). Specifically, sex differences in activity patterns might be 
related to females’ higher daily energetic budget (Fleming 1988). 

The drivers of coexistence among three or more species of the genus Carollia have 
been little explored (Fleming 1991; York & Papes 2007). Available information of 
activity patterns for Carollia is mainly limited to localities where only one or two 
species are present (Bernard 2002; Bonaccorso et al. 2007; Castro-Arellano et al. 2009; 
Montafio-Centellas et al. 2015; Vasquez-Parra et al. 2017; Verde et al. 2018; but see 
La Val 1970; Presley et al. 2009). In this context, our study site is a suitable area to 
compare activity patterns because three species coexist and are relatively abundant: 
Carollia benkeithi Solari & Baker 2006, Carollia brevicauda (Schinz, 1821), and Carollia 
perspicillata (Linneus, 1758) (Zegarra 2019) Moreover, there is evidence that these bat 
species share fruit resources of at least nine different plant species (Pellon et al. 2021). 
Our aim was to compare activity patterns of these three sympatric species of the genus 
Carollia within the first seven hours after dusk and, for C. perspicillata, describe activity 
patterns of each sex and season in a premontane forest of central Peru. 
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The study site is located in the province of Satipo, department of Junin, Peru (lati- 
tude -11.16583; longitude -74.65722). According to Holdridge (1967) classification, 
the area belongs to the “very humid tropical Premontane Forest (bmh-PMT)” life 
zone. Forest has a secondary succession plant composition, covers 113 ha and has 
rolling and steep topography, with moderate slopes and hills (Marcelo-Pefia & Reynel 
2014). Based on data from the Satipo meteorological station of SENAMHI (Servicio 
Nacional de Meteorologia e Hidrologia del Pert 2019), annual temperature and ra- 
infall fluctuate between 24-26°C and 1500-2000 mn, respectively. The climate in 
this region is characterized by two main seasons: (1) dry season, from April to Sep- 
tember, defined by temperatures from 25-26°C and monthly precipitations ranging 
approximately from 55 to 120 mm; (2) wet season, from October to March, defined 
by temperatures from 24-25°C and monthly precipitations ranging approximately 
from 150 to 270 mm (Rivero-Monteagudo et al. 2021). 

Time of capture data was obtained from two bat surveys conducted from 2013 to 
2016 (Zegarra 2019; Pellon et al. 2021; Rivero-Monteagudo et al. 2021). In both sur- 
veys, different numbers of mist nets were deployed at 3-4 m above the ground (12 
m length, 2.5 m height), in small forest gaps, water flows and near potential roosting 
sites or feeding patches with vegetation dominated by species of Piper, Solanum, and 
Cecropia. Data of the first survey were taken from Zegarra (2019), which was con- 
ducted in two dry seasons (August 2013 and July 2014, Sampling effort: 3168 and 
4608 meters per hour, respectively) and one rainy season (January to March 2015, 
Sampling effort: 7776 meters per hour). Data of the second survey were taken from 
Rivero-Monteagudo et al. (2021), which was conducted every month from October 
2015 to September 2016 (12 nets per month, Sampling effort: 10368 meters per 
hour), including an additional sampling in May 2015 (12 nets, Sampling effort: 864 
meters per hour) taken from Pellon et al. (2021). Total sampling effort was 26784 
meters of net per hour (see Zegarra 2019; Pellon et al. 2021; Rivero-Monteagudo et 
al. 2021, for details in sampling design). Mist nets were opened between 17:30-18:30 
h, closed between 00:00-01:00 h and checked every 30 minutes. To account for va- 
riation in night length throughout the year, we subtracted the sunset time from the 
time of capture and expressed our units in hours after sunset. Time of sunset was 
obtained using the Suncalc package (Thieurmel & Elmarharaoui 2019) in R softwa- 
re and varied from 17:43 h in May (dry season) to 18:29 h in January and February 
(wet season). Individuals captured during the seasonal survey (Zegarra 2019) were 
marked by fur trimming (Presley et al. 2009) and those captured during the annual 
survey (Pellon et al. 2021; Rivero-Monteagudo et al. 2021) by nail polish (Stawski 
2012; Kemenesi et al. 2015; Dekeukeleire et al. 2016) to prevent double counting. 
Sex was determined based on external characteristics of reproductive organs (Kunz 
et al. 1996; Racey 2009) and species identification was made using taxonomic keys 
(Pacheco & Solari 1997; Gardner 2008; Diaz et al. 2011). Bats were handled following 
the recommendations of the Animal Care and Use Committee of the American Socie- 
ty of Mammalogists (Sikes et al. 2016). 

Each bat captured per night was considered an independent event for activity 
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analysis. We had a total of 419 independent records of three Carollia species: 196 
for C. perspicillata (46.78 %), 126 for C. benkeithi (30.07 %) and 97 for C. brevicauda 
(23.15 %). We pooled data into a total of seven 1-hour intervals and calculated hour- 
ly occurrence frequencies per each species, which were the number of individuals 
per hour divided by the total number of individuals. In addition, we calculated hourly 
occurrence frequencies per sex and season, considering the total number of males or 
females or the total records during rainy or dry months respectively. For C. perspici- 
llata, we captured a total of 108 females and 86 males (two individuals had no sex 
data), and a total of 88 individuals for the driest period and 108 individuals for the 
wettest period. We did not perform this analysis for C. benkeithi or C. brevicauda due 
to low capture rates for each sex and season separately. 

For each pair of species, sexes, or seasons, we also reported measures of temporal 
overlap using the Pianka index “a” (Pianka 1973), which approaches zero for species 
with non-overlapping activity patterns and equals 1 if activity patterns are identical. 
This index has been used previously on studies of bats activity patterns (Presley et 
al. 2009; Castro-Arellano et al. 2010). We tested if the three Carollia species showed 
a significant temporal coincidence (more overlap than expected by chance) using 
ROSARIO Algorithm with 10000 iterations in the TimeOverlap Software (Castro-Are- 
llano et al. 2010). 

All species had at least one record in each hour of the night and exhibited a peak 
of activity early in the night followed by a decreasing trend towards midnight (Fig. 
1). Each species showed a peak of activity at a different hour: two (~19:00-20:30 h), 
three (~20:00-21:30 h), and four (~21:00-22:30 h) hours after sunset for C. perspi- 
cillata, C. brevicauda and C. benkeithi respectively (Fig. 1). We reported an average 
temporal overlap of 0.91 among the three species of Carollia (a 
0.92, a, perspicillata - C. benkeithi — 0.89, a 
was Statistically significant (p = 0.04). 

Analysis per sex and season of C. perspicillata showed similar trends between fre- 
quencies of males and females, and between frequencies of rainy and dry season (Fig. 
2), with very high temporal overlap values (a, = 0.91, a... = 0.93). Both sexes dis- 
played activity at every sampling hour, although there were slight differences: more 
than 25% of females were captured two hours after sunset, while only between 9 and 
15% were captured each hour for the rest of the sampled night period (Fig. 2a). Most 
males were captured between two, and three hours after sunset (~22.7% each inter- 
val), and then between four (~ 18.2%) and five (~ 15.9%) hours after sunset (Fig. 2b). 
During both seasons, C. perspicillata displayed higher activity two hours after sunset. 
Nevertheless, during the dry season captures were slightly more evenly distributed 
in the first five hours of the night (between 13.6% and 17% each hour, with a small 
peak of 20.5% two hours after sunset) and then decreased (Fig. 2c), whereas during 
the rainy season the peak at two hours after sunset was more pronounced and fo- 
llowed by a progressive decline toward midnight (Fig. 2d). 

An exhaustive revision of studies on other Neotropical localities (Heithaus & Fle- 
ming 1978; Fleming 1988; Aguiar & Marinho-Filho 2004; Thies et al. 2006; Ortén- 


C. brevicauda - C. benkeithi - 


= 0.93). Temporal coincidence 


C. perspicillata - C. brevicauda 


NOTAS SOBRE e MAMIFEROS SUDAMERICANOS 


Activity patterns of Carollia species 


cio-Filho et al. 2010; Zeppelini et al. 2017) shows that the main foraging period of 
species of the genus Carollia is from dusk to midnight. In our study, there is a con- 
siderable high degree of overlap (0.91) among the activity of the three Carollia spe- 
cies. The general trend of their activity patterns is consistent with most studies of 
short-tailed fruit bats, which typically display the activity peak during the first hours 
of the night followed by a subsequent decrease towards midnight (Bernard 2002; 
Moratelli & Perachi 2007; Castro-Arellano et al. 2009; Presley et al. 2009; Mello et 
al. 2013; Verde et al. 2018; but see Pedrozo 2014; Vasquez-Parra et al. 2017; Pereira 
et al. 2018). The decreasing foraging activity of Carollia is possibly associated with 
a reduction in ripe fruit availability during the night (Marinho-Filho & Sazima 1989; 
Thies et al. 2006). Piper fruits are regarded as high nutritional and caloric fruit re- 
sources (Herbst 1986; Bohlender et al. 2018; Borray-Escalante et al. 2022); however, 
ripening of a few fruits per night per plant is typical in Piper, which limits the night 
availability of mature fruits (Fleming 1985; Thies & Kalko 2004). Some bats might 
consume enough Piper fruit to fulfill their daily energetic needs during the high avai- 
lability period and return to their daily roosts after the first three hours of the night 
(Thies et al. 2006). As availability decreases, other individuals who were unable to 
consume enough calories might continue foraging for fruit from less preferred plant 
species (i. e., C. sciadophylla) that are more available throughout the night (Bonaccor- 
so et al. 2007). 

Peaks of activity among Carollia species differ only by one hour (Fig. 1). La Val 
(1970) reports similar results in a tropical wet forest of Costa Rica during the ra- 
iny season: the hourly catch of C. perspicillata and C. sowelli (cited as C. brevicauda) 
was higher between 0 and 1 hours after sunset, while activity of C. castanea peaked 
between 2 and 3 hours after dusk. Nevertheless, the activity of C. castanea peaked 
early during the night in tropical forests of Panama, coinciding with maximum avai- 
lability of ripe fruits from understory pepper plants (Thies et al. 2006). Moreover, in 
Ecuador, C. castanea has shown earlier roost emergence, shorter commuting flights, 
and shorter foraging periods (limited by Piper fruits depletion) than C. perspicillata, 
suggesting that these species coexist through exploitative competition (Bonaccorso 
et al. 2007). 

Differences in hourly activity by frugivorous bats were suggested to be related with 
a differential fruit consumption (Pedro & Taddei 2002). In the study area, C. benkeithi 
focus on a small group of plants different to the main resources in the broad diets 
of C. perspicillata and C. brevicauda (Pellon et al. 2021). This suggests that diet is 
a determinant of their coexistence, but some degree of temporal segregation could 
be an additional mechanism that reduces the competition within congeners (La Val 
1970). Although, this mechanism has been neglected since fruits are not renewable 
and typically do not ripen at different hours of the night (Marinho-Filho & Sazima 
1989), frugivorous bats might still reduce competition by direct interference (Hei- 
thaus et al. 1975). 

Seasonal changes in fruit distribution and availability are common in Neotropical 
environments (Heithaus et al. 1975; Dinerstein 1986; Fleming & Heithaus 1986; 
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Thies & Kalko 2004; Mello et al. 2004) and might affect the temporal activity patterns 
for C. perspicillata. In the study area, the activity pattern of this species did not show 
any notable seasonal differences. Studies from other environments also indicate that 
seasonality had no effect on the activity pattern of C. perspicillata from sunset to 
midnight (Fleming 1988; Presley et al. 2009). Fruit scarcity and dispersion during 
the lowest fruit availability period could force individuals to search for more feeding 
patches at greater distances from their roosts (Fleming & Heithaus 1986). Neverthe- 
less, seasonal differences in flying distance do not necessarily indicate differences in 
the number of flights or flight time (Charles-Dominique 1991). 

The fact that the peak of activity was more pronounced in the rainy season, could 
be related to a higher occurrence of pregnant and lactating females (Rivero-Montea- 
gudo et al. 2021). Reproductive females reduce flight time due to a higher energetic 
demands, resulting ina more pronounced peak of activity at early hours (Charles-Do- 
minique 1991). This also would explain why captures were more evenly distributed 
in the dry season, the non-reproductive period of C. perspicillata. From a subset of 
our female dataset during the rainy season (N = 47), we estimated a proportion of 
40% in a reproductive stage (N = 19). The activity patterns of non-reproductive and 
reproductive females had a high overlap (87%) and both peaked two hours after 
sunset at different proportions (Reproductive: 25%, Non-reproductive: 15%). Ne- 
vertheless, this analysis should be conducted with a larger dataset. Additional factors 
to consider could be year to year variation in resource availability and seasonal diffe- 
rences in foraging movements (Fleming & Heithaus 1986). 

Our results show that the activity pattern of C. perspicillata is similar for males and 
females (a,,. = 0.91). Other reports stated that there are no differences in foraging 
time spend between males and females (Heithaus & Fleming 1978; Charles-Domini- 
que 1991). The fact that females’ peak of activity is more pronounced two hours after 
sunset might represent short intense feeding episodes, followed by prolonged stays 
in day roosts (Thies et al. 2006). Sex-differences in fruit consumption patterns have 
been reported for Carollia over seasons, which could be related to different foraging 
strategies (Alviz & Pérez-Torres 2020). Earlier foraging times could be available to 
females, but unavailable for most bachelor males due to inaccessibility into harem 
males’ territories. Fleming & Heithaus (1986) suggested intraspecific differences in 
resource accessibility and foraging behavior may be due to social status of males. 
Further studies that address variation in foraging timing between sexes should disa- 
ggregate the activity patterns of males and females from different social status and 
reproductive condition respectively. In this regard, body size is related to energetic 
demands and could be an explanatory factor to account for differences in sex and 
reproductive condition (Castillo-Figueroa 2022). 

This study provides the first comparison of activity per hour among three bat spe- 
cies of the genus Carollia for premontane forests in central Peru, which is necessary 
to propose further detailed studies about the temporal activity of the studied Carollia 
species. For example, employing pit-tag systems (Thomson 2020; Rivera-Villanueva 
2021) and simultaneously evaluating fruit availability through the night (Bonaccorso 
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2007) could provide new insights about the potential drivers of their activity such 
as reproductive condition, social status or environmental factors. Evidence from this 
study supports temporal coincidence among Carollia species, being more active at 
early night and decreasing their activity towards midnight. 


Carollia perspicillata (N=196) Carollia brevicauda (N=97) Carollia benkeithi (N=126) 
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Figure 1. Activity of Carollia species within seven hours after sunset. Photos provided by Oscar Quispe Hure. 
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Figure 2. Activity of Carollia perspicillata within seven hours after sunset between sexes (a, b) and seasons (c, d). 
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